ABSTRACT
InTRoduCTIon
Craniocerebral trauma is a common neurosurgical disease. The incidence of craniocerebral trauma in China is more than 100 per 10 million, approaching to the level of western developed countries (150-200 per 10 million) (26). Hypotension is an independent predictor of poor prognosis in traumatic brain injury (TBI) patients, and intraoperative hypotension (IHT) is one of the special aspects. Patients with craniocerebral trauma may have mass lesions or develop cerebral edema, which can lead to increased intracranial pressure ICP (7). A variety of measures have been used in the clinical treatment of elevated ICP. Osmotic agents, such as mannitol, are a key component in the medical management of elevated ICP (18). The difference of mannitol between IHT and non-IHT remains inconsistent (17, 19) . Hyperventilation is also a theoretical advantage to control ICP by causing vasoconstriction and the subsequent decrease in cerebral blood flow (11). However, there is still controversy over whether or not patients should be hyperventilated after traumatic brain injury (12).
In addition, decompression craniotomy, which provides gradual decompression, and decreases intracranial pressure and the length of stay in the intensive care unit (ICU) can be used (4, 16, 21) . Intracranial pressure volume-pressure curve illustrates that when the ICP is decompensated, a small increase in the cranial contents can cause a sharp rise of ICP. On the contrary, a small reduction in the cranial contents may cause significantly decline of intracranial pressure. Under the high intracranial pressure state, a small incision and graded decompression can gradually reduce the compliance of brain tissue in the bone window. It can reduce the partial pressure gradient and enable the ICP to decline rapidly but in a gradual process. The effect of surgical decompression on mortality and overall functional outcome remains controversial.
Traumatic intracranial hemorrhage (TICH), such as cerebral contusion, subdural hematoma and epidural hematoma may cause catastrophic IHT during decompression surgery for TICH (8,15). Although hypotension in patients has been studied in a variety of settings, including the pre-hospital phase, emergency department, and intensive care units (1, 6, 26) , intraoperative data on hypotension are scarce. In this study, we focused on the three measures above to further investigate the effect of gradient decompression on the occurrence of intraoperative hypotension and prognosis.
PATIenTS and MeThodS

Patients Collection
In the present study, we collected 186 sTBI patients (GCS﹤9) from January, 2008 to January , 2012 in the Affiliated Hospital of Jiangsu University. Patients' gender, age, pupils' abnormality, GCS and the application of mannitol, hyperventilation or graded craniotomy were recorded before surgery. GCS including eye opening, verbal response and motor response ranged from 3 to 8 points. We took one-month mortality after surgery as a prognostic indicator.
Gradient Decompression Methods
Mannitol, hyperventilation and graded craniotomy were three common measures in our clinical work. We first used mannitol, hyperventilation or graded craniotomy as our gradient decompression measure. Then, we combined them two at a time and then all three. Through this method, we evaluated gradient decompression measures according to the occurrence of intraoperative hypotension and prognosis in TBI.
Statistical Analysis
All the variables were coded as qualitative and analyzed with the SPSS17.0 statistical package. A descriptive analysis was performed on the entire patient sample. The χ 2 test (with Yates correction when indicated) and the Fisher exact test were used to compare categorical qualitative variables. Data are expressed as mean±standard deviation (S.D.) and a p-value of less than 0.05 was considered significant.
ReSulTS
Patients
Nine cases with systolic blood pressure ﹤90mmHg and two patients aged ﹤18 years of age were excluded. The mean age of the remaining 175 patients was 49.16±15.24 years with 136 males; 97 had cerebral contusion; 2 diffuse axonal injury and brain stem injury; 123 subdural hematoma; and 51 epidural hematoma. Preoperative GCS ranged between 3 and 5 in 88 patients and 6 and 8 in 87 patients. Fifty-two patients had bilateral normal pupils, 77 patients had bilateral anisocoria,35 had bilateral mydriasis, 5 patients had bilateral miosis and the the pupils could not be observed in the other 6 patients. Forty-one patients (23.2%) were dead within a month after surgery, and 134 patients lived more than one month. In the survivors, Glasgow outcome scale (GOS) ranged from 1 to 3 in 43 patients and from 4 to 5 in 90 patients.
Gradient Decompression and the Occurrence of Iht
Intraoperative hypotension (systolic blood pressure ﹤90 mmHg) (7) occurred during decompression by dural opening. Due to anesthesia-induced hypotension, twenty-two patients were excluded. Based on systolic arterial blood pressure, 175 patients were divided into two groups: patients with IHT (IHT group: n = 43) and patients without IHT (non-IHT group: n = 110).
All the studied measures were shown to be non-significantly associated with the occurrence of intraoperative hypotension, including mannitol (p=0.852), hyperventilation (p=0.484) and graded craniotomy (p=0.326). Each two or all three measures were also non-significantly associated with the occurrence of intraoperative hypotension. Besides, there was no group difference in gender, age and abnormality of the pupils. However, there was a significant group difference in the GCS score (p=0.032) ( Table I) .
Gradient Decompression and Prognosis
All the gradient decompression measures were shown to be non-significantly associated with prognosis, including mannitol (p=0.328), hyperventilation (p=0.619) and graded craniotomy (p=0.605). Each two or all three measures were also non-significantly associated with prognosis. Besides, there was no group difference in gender and age. There was a significant group difference in the abnormality of the pupils (p=0.006) and GCS score (p﹤0.001). Moreover, the occurrence of intraoperative hypotension was significantly associated with the prognosis (p=0.001) (Table II) .
dISCuSSIon
Patients with TBI may have increased ICP (7). When high ICP is suddenly reduced after craniotomy and decompression, the increased sympathetic tone may suddenly decrease, dominating systemic vascular resistance with returned parasympathetic nerve and producing neurogenic hypotension (22). Though a variety of measures have been used in clinical treatment of elevated ICP (22) there is still no agreement on using them.
The three main components in the medical management of elevated ICP, i.e. osmotic agents such as mannitol, hyperventilation, and decompression craniotomy constitute the vital strategies in our clinical work. As determined by the intracranial volume-pressure curve, using gradient decompression with each one, each two or all three measures above, may reduce ICP rapidly but in a gradual and reasonable process. Hypotension is an independent and important predictor of prognosis in trauma patients (10). Our retrospective study demonstrated that all the gradient decompression measures including mannitol, hyperventilation and decompression craniotomy were not significantly associated with the occurrence of IHT (Table I) , as partially consistent with Deepak Sharma's study (8). This study failed to obtain evidence of ICP monitoring during the craniotomy or drug treatment process. It becomes difficult to identify the effect of gradient decompression on ICP in our study. In this study, gradient decompression measures were Meanwhile, there has been much work on the prognosis. Demographic factors such as age (13,23), sex (3, 13, 24) , clinical severity (9,14) etc. are considered to be associated with therapy outcome or prognosis. As was shown in this study, the mortality or prognosis was significantly associated with the abnormality of the pupils (p=0.006), GCS score (p﹤0.001) and IHT (p=0.001), very similar to the previous studies (5, 10, 15, 19, 26) . Due to this close relationship, the gradient decompression measures were also not significantly associated with the prognosis (Table II) . That means gradient decompression is not an effective measure to decrease the occurrence of IHT and improve the prognosis.
In addition, this study has several limitations. The most important limitation is the retrospective study design and the reliance on medical records. We are unable to precisely report the duration or timing of hypotension and conducted ICP monitoring. Despite these limitations, this study provides new insights into the gradient decompression measures and suggests a new perspective for future considerations of the role of this therapy strategy in IHT patients.
